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PURPOSE

The purpose of this contract is the design and manufacture
of 60 engineering test models of each of three sizes of
sealed nickel-cadmium cells, viz, 10 A.H., 50 A.H. and

100 A.H. capacity, measured at the five hour rate, meeting
the requirements of SCL-7504A, These requirements are as
followss

The cells shall be cylindrical and have a reuseable pressure

relief valve.

The cells shall yield 50% of their nominal capacity when
discharged at the 5 hour rate at minus 40°F to 1.0 volt,
and shall yield 75% when discharged to 1.0 volt at the 3Cg

rate at room temperature.

Although no definite requirement is specified for 1ife test

or for storage, design objectives are for 5000 continuous cycles
of 20% depth of discharge and for storage in a discharged state
for 5 years from minus 80°F to 165°F without any degradation of

performance.

The ba:teries shall be capable of passing the following
environmental tests after which they shall meet full specifi-
cation requirements: temperature shock, high and low frequency
vibration, mechanical shock, acceleration and elevation, All of
these environmental tests are described fully in the appropriate

section of this report.

l.
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ABSTRACT

The sixty cells of each of three sizes (10 A.H., 50 A.H.

and 100 A,H.) have been manufactured. The qualification
tests of SCL-7504A have been successfully passed and all
cells have been delivered. All 10 A.H. and 50 A.H. cells
had teflon sedled terminals. In the 100 A.H, size, 40 cells
had teflon seals and 20 cells had ceramic seals. Fifty each
of the 50 A.H. and 100 A.H. cells have been partially scored
to immobilize the core assembly in order to withstand the
severe vibration and shock requirements of SCL-7504A,

Parts lists and pertinent drawings of all types of cells
have been included in this report.

2.
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The conferences up to and including that of 4-26-61 have been

described in the first three Quarterly Reports of this contract

and in the one Technical Pronram Letter Report.

The conferences of 8-30-61, 10-~16-62 and 2-12-63 were held to

enable Mrs. Duze to witness qualification testing (especially the

environmental tests) of the cells produced under this contract.

On 1-11-62 the difficulties encountered in the ceramic sealing

of large terminals were discussed, and a new mechanical design
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III. REFERENCES AND CONFERENCES

B.

Conferences (continued)

of these seals was presented.

At the conference of 7-20-62, Messrs, Del Vecchio and
Getzlaff presented suggestions pertaining to the various
elements of ceramic sealing, especially brazing alloys,
metallizing materials and ceramic composition. Also,

at this meeting, Sonotone agreed to supply intercell
connectors and related hardware for the cells previously

shipped under the contract.



IV. DATA AND DISCUSSION

A,

Difficulties Encountered

Several extensions of this contract have been required.

The first of these, extending the time of the contract

from November 30, 1960 to May 29, 1961, was requested to
enable Sonotone to evaluate and select a separator superior
to the then standard cellulosic material. Another reason
for this extension was the need for unusual support and
immobilization of the cores of the cells, especially in
view of the heavy stack-ups and the severe vibration and

shock requirements of SCL-7504.

A second extension to November 20, 1961 was requested and
granted, mainly to incorporate¢ our improved method of terminal
sealing (ceramic to metal bonding). This new type of seal
was to apply to 50 each of the 100 A.H. and 50 A.H, cells.

All of the 10 A.H. cells (60) and 10 each of the two larger
sizes were made with Teflon seals. The 10 A.H. cells were
shipped on 10-17-61, while ten 100 A.H. and ten 50 A.H. cells

(Teflon seals) were shipped on 11-28-61,

A third extension to 3-31-62 was requested when it was discovered
that ceramic seals identical to those to be supplied on this
contract developed leaks after several months of use by other

customers.
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IV. DATA AND DISCUSSION

A,

B.

Difficulties Encountered (continued)
Difficulties with the delivery of ceramic sealed covers
from a vendor made it necessary to procure a further

extension to 6-30-62,

Further difficulties with the low percentage of acceptable
covers from the supplier, plus defective bar stock (from which
the cover blanks had been made) caused more delays, with the

result that the contract time was extended to 3-31-63,

The above difficulties and the manner in which they have been
resolved are described in detail in the following section of
this report, which summarizes the project under the various

elements of the designs such as plates, separator, etc.

Summary

1. Plates
To meet the high rate (3Cg) and the low temperature (-40°)
requirements of SCL-7504A, thin plates were used (approx.
0.023") along with a theoretical N/P ratio of 2. The
loading of the plates with active material was 1.35g/cc
for the positive and 2.2g/cc fcr the negative, both being
approximately 30¥ over the normal loading. In the positive

plates, 5% of the active material is Cobaltous Hydroxide.



IV, DATA AND DISCUSSION (continued)

B. Summary (continued)

1.

2.

Plates (continued)

Stacked rectangular plates were used instead of
spirally wound plates even though the latter gives
a much greater cross-section efficiency. However,
the rectangular core design made possible lighter
and less bulky current carrying hardware inside the
cells. In addition, the stacked rectangular plates
afford maximum reliability and less difficult manu-

facturing procedures.

On all cells, approximately 9 square inches of positive
plate was used per ampere hour of nominal capacity, with
an equal area of negative plate. In the 10 A,H. cells,

two plate widths were used, while in the 50 A.H. and

100 A.H. cells, three plate widths were used to afford

maximum utilization of the cross-section area (Figure 1).

Separator

Due to the high temperature storage requirement and the
requirement for efficient operation at temperatures as
high as 125°F, several materials were investigated to
either replace or complement the cellulosic separator

which was standard at the time of the placement of the

9.



10,

IV. DATA AND DISCUSSION (continued)

B. Summary (continued)
2. Separator (continued)
contract, The following materials were checked:

Woven Teflon #T-10-42
Calendered Woven Nylon
Pellon #920 and #T-1800
Webril #430
Paper and Teflon #T-10-42
Polyvinyl Alcohol
Woven nylon Impregnated with PVA
Woven nylon coated with PVC and PVA
Paper coated with polyethylene

Non-woven polypropylene #305 POE

Based on the results of the testing described in the
previous reports and on extensive tests caonducted by
Sonotone's Space Laboratory, the non-woven polypropylene

H#305POE was selected.

In addition to withstanding the environmental and other
requirements of SCL-7504A, this separator has withstood
4990 cycles of charge and discharge in sealed "D" cells.
The cycling was performed as in paragraph 4.4,5 of

SCL-7504A as regards depth of discharge, amount of over-

charge and time of both charge and discharge. Failure
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IV, DATA AND DISCUSSION (continued)

B. Summary (continued)
2. Separator (continued)
was attributed to the combination of coiled core design
plus the deep scoring of the cell case, causing an area

of pressure at which the failure occurred.

One problem was encountered due to the selection of
polypropylene. In spite of its stability at elevated
temperature in cell operation, this material exhibited

a marked tendency to vaporize during the welding of the
collector bars to the groups of plate contact tabs.

The problem was overcome by the use of metal combs which

served as heat sinks for individual tabs during welding.

3. Call Case
Stainless stee]l was selected as the case material due to
its inertness in this type of application, eliminating
the need for protective plating. Stainless steel also

gives excellent non-porous welds with the heli-arc method,

The mathematical analysis described in the First Quarterly
Report gave the dimensions for minimum cell weight shown

in Table I.



DATA AND DISCUSSION

B. Summary (continued)

3. Cell Case (continued)

12,

Iaple ]
Tube End
0.D. Cylinder Ht. Overall Ht. Wall Plate
Cell Type Inches Inches Inches  _ Thickness Thickness
BB440/U
10.A.H. 1.8 6.0 6.5 0,020 0.067
BB441/U
50 A.H. 3.0 8.9 9.4 0.02% 0.116
BB441/U
100 A.H. 4.0 9.3 9.8 0.02% 0.1%%
The following considerations were included in the calcula-
tions: Cross-sectional area efficiency, minimum usable
tube wall thickness, head space losses, end plate thickness
and maximum practical plate length.
4. Elsgtrolyte

The electrolyte in the first prototype cells made under this

contract was 1.3 sp.gr. KOH to which was added 189./L. of

LiOH,

core weight.

This electrolyte was added to the extent of 18% of the

This has been standard electrolyte loading for

sealed nickel~-cadmium cells where repeated cycling is involved,

but it was found to give poor results during discharge at
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IV. DATA AND DISCUSSION (continued)

B. Summary (continued)

4,

5.

Electrolvte (continued)
minus 40°F, By changing to electrolyte of 1.40 sp.gr.

the minus 40°F performance was improved to the extent
that the low temperature requirements of SCL-7504A are

easily met. (This electrolyte contains 99./1. of LiOH)

Improvement in low temperature performance was also
sought by adding CsOH and/or RbOH to KOH and LiOH, but

with negative results.

Terminals

Early in the development of the cell design, it was

decided to locate both the positive and negative

terminal on the same end. Also, to increase reliability

and to decrease the possibility of accidental shorting,

both terminals were insulated from the cover. To accomplish
the sealing of these terminals in the cover, our standard
Teflon design was planned for all 180 cells. Details of
this design are shown in Figures 2 and 3. Helium leak
testing of this type of seal showed a leakage rate on

the order of 1 cc of gas per cell per year,



14,

IV, DATA AND DISCUSSION (continued)

B. Summary (continued)
5. Terminals (centinued)

In the Spring of 1961, Sonotone was engaged in developing
a very promising method for sealing large metal terminals
in a metal cell case, using metal to ceramic bonding.
Since this design had been proven capable of withstanding
severe vibration and shock, the contract was amended so
that fifty cells each of the 50 A,H, and 100 A.H, sizes
would be supplied with ceramic seals, while ten each of
these two sizes along with all sixty of the 10 A.H. cells

would contain the Teflon seals.

All materials for the manufacture of the ceramic sealed
cells were procured and the necessary sub-assemblies were
manufactured. On or about the lst of October 1961, when
the final assembly of these cells was about to take place,
we were notified by one of our customers that ceramic seals
identical to those planned for this contract were developing

leaks after 3-4 months of use.

This design is shown in detail in Figure 4, Mechanically,
this design keeps the entire assembly in compression when
the proper torque is applied to the hex nut, preventing
tensile and shear forces from acting on the ceramic and

metal to ceramic braze joint. The actual materials used
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IV. DATA AND DISCUSSION (continued)

B. Summary (continued)

5'

Terminals (continued)

in the initial seals were as described below,

The brazing alloy was Ni-Oro, a nickel-gold, selected

for its resistance to KOH, The retainers were Cerami-

seal, a nickel steel selected because its thermal

expansion characteristics closely matched the ceramic
material. The ceramic body was 94-96% alumina, and

the surfaces of the ceramic to be bonded were metallized
with molybdenum-manganese. This molybdenum-manganese
surface was then nickel plated for bonding (actual alloying)

with the Ni-Oro during the brazing operation,

Initial investigation of the failure of this seal pointed
to the metallizing as the weak point, since the molybdenum-
manganese proved to be the least inert of the materials
involved in the presence of voltage and KOH, Therefore,
most of the early efforts to correct the difficulty were
directed toward using other metallizing materials, such as
molybdenum-titanium, titanium, and tungsten., Also, gold

plating was used to try to protect the molybdenum-manganese.
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DATA AND DISCUSSION (continued)

Bl

Summary (continued)

5,

Terminals (continued)

Since none of the above attempts solved the problem, we
‘investigated other brazing alloys with lower melting points,
because the high melting point of the Ni-Oro resulted in
some mismatch in thermal expansion even with the special
nickel-steels such as Cerami-seal and Fernico V,

Other brazing materials included Copper, Copper-Silver,
Silver, Nickel-Antimony, Gold-Antimony, Indium solders,

Gold-germanium and Indium-gold.

Concurrently, we were investigating the mechanical design as
a possible source of trouble. Since all thas failures were
observed to occur at the braze joining the inner surface of
the ceramic seal to the inner retainer, it was felt that the
inner brazed joint was subjected to tensile stress during
the cooling following the brazing operation due to thermal
expansion mismatch between the ceramic body and the nickel-
steel retainer. This could cause a porous braze, an

increased proclivity to corrosion or both.

The mechanical design was changed to that shown in Figure 5,
which used a double tapered ceramic seal element. This

retains the advantages of the previous design by preventing



17.
IV. DATA AND DISCUSSION (continued)

B. Summary (continued)

5. Terminals (continued)
shear and tensile forces during vibration and shock,

while eliminating most of the tensile stress which could

occur during the cooling after brazing.

This change did not give the desired improvement. Further
investigation indicated the possibility of a porous
condition in the braze. This porous condition was
actually observed on samples made with Ni-Oro, which up
to this point was still regarded as the most likely
material due to its inertness in KOH. This porosity

was observed on pieces which never had contact with KOH,
A similar observation was described by Mr. Del Vecchio of

the Signal Corps at the Conference of 20th July 1962.

Simultaneous efforts on ceramic seal improvements were under
investigation in the Sonotone Space Laboratory where smaller
cells were manufactured for a large number of satellites.
Here both glass and ceramic seals had been used. Due to
these efforts the final choice of braze metal was made

based on what had been effective on "D" and "F" size cells.
This was high grade silver, which was then incorporated in
the double taper design. Six such seals were assembled

in cells which have been subjected to continuous overcharge



18,
IV. DATA AND DISCUSSION (continued)

B. Summary (continued)
5. Terminals (continued)
since December 13, 1962, with no indication of failure.
Continuous overcharging has proved to be an excellent

accelerated test method for this application.

6. Vents
The resealable vents used on all the cells made under
this contract are designed to release at 200 psi. The
details of this vent are shown in Figure 6. Helium
leak tests on these vents showed a loss of ) cc of gas
per year, and release-seal cycling shows an accuracy of
4+ 10%. Recently USAERDL personnel have reported slight
deterioration of the neoprene "O" rings. Initial attempts
to correct this condition involved the use of Teflon "O"
rings, but they were unsuccessful due to the flow characteris-
tics of the Teflon and to the seat design. However, two
promising investigations are presently under way, one in
which a Teflon coated neoprene "O" ring, and the other in
which Teflon compositions of different flow characteristics
are being checked for use in our present dasign. All cells

shipped contain the neoprene "O" rings in the vents,
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IV. DATA AND DISCUSSION (continued)

B. Summary (continued)

7.

Environmental Testing

During the environmental testing required by SCL-7504A,
the only problem encountered occurred during the vibration
testing of the 100 A.H. cells. While performing the
qualification test in October 1962, all 8 cells under test

failed to survive the vibration.

Failure was caused by the breaking of approximately 50% of
the individual plate contact tabs -~ the result of motion
of the heavy cores during vibration in the longitudinal
axis. To further immobilize the core, the walls of the
cylinders were partially scored. The scoring tool was
designed to indent the cell container only at points where
the effect would be to exert pressure perpendicular to the
face of the plates and stack-ups. Care was taken to avoid
damage to the plate and stack-up edges. The scoring was
done on fifty each of the 100 A.H. and 50 A.H. cells, and
not on the cells delivered on October 17, 1961 or

November 28, 1961.
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IV. DATA AND DISCUSSION (continued)

B. Summary (continued)
8. Qualificatjon Tests
All the qualification tests performed on the BB440, BB44] and
BB442 "teflon and ceramic" cells were performed in accordance
with SCL-7504A. In a few instances, it was necessary to change
the test procedures in order to meet the time allowed for the
use of the environmental test equipment. USAERDL approval was

obtained before any of these changes were made.

The sixteen (16) cells of each size, designated by SCL-7%04A to
receive the qualification tests, were numbered 1 to 16. These
qualification numbers correspond to the serial numbers of each

type in the following manner:

Ser N Ser N
BB440 | BB44l BB442 BB440 | BB44]l | BB442
Qual. | (10 AH) {(50 AH) 00 AH) Qual. | (10 aH) | (50 AH) | (100 AH)
No, TefloniCeramic| [No, TefloniCeramic |
1 00058 38 11 45 9 00052 18 27 53
2 | 00047 53 13 46 10 00056 58 29 54
3 | 00023 34 15 47 11 00021 21 31 55
4 | 00035 47 17 48 12 00020 43 33 56
5 | 00055 11 19 49 13 00014 17 35 57
6 00039 50 21 50 14 00038 31 37 58
7 | oo015 28 23 51 % 00048 13 39 59
8 | 00016 45 2% | 52 16 00044 35 41 60
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IV. DATA AND DISCUSSION (continued)

B. Summary (continued)

8. Qualification Tests (continued)

Test Procedure as Paer SCL-7504As
1) Inspection as per Paragraph 4,3

2)

Cells #1~16 of each size were inspected for evidence of
electrolyte leakage on the external surfaces. The

weight of each cell was also recorded.

Comment s
There were no indications of electrolyte leakage on

any of the external surfaces.

Eull Capacity Discharge as per Paragraph 4.4.2.1
Cells #1-16 were charged in accordance with paragraph 4.4.1
(.2C rate - 8 hours). After a minimum stand of 30 minutes
between charge and discharge all the cells were discharged
at the .2Cq rate. The minimum specifiod discharge time to
the 1.0 volt end point is 300 minutes.

$
All test cells met the capacity requirements of the specification.

Refer to Tables II, 1II, IV and V for individual cell

performance.
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IV.  DATA AND DISCUSSION (continued)

B, Summary (continued)

8. Qualification Tests (continued)

3)

4)

High Rate Discharge as per Paragraph 4.4.4
Cells #1~16 were charged as per paragrarh 4.4.1. Cells
1-8 were discharged at the 3C5 rate and cells 9-16 were
discharged at the .2Cy rate. The discharge time and

voltage requirements are as followst

Minimum Minimum
Disch.Rate Time to 1.0V S Sec.Disch. Volt
305 15 min, 1.15 volt
.2C5 300 min, No requirement

Comment s
All test cells met the requirements of the specification.

Refer to Tables II, III, IV and V for discharge performance

of the individual cells.

Low T T P

Cells #1-16 were charged as per paragraph 4.4.1. Cells
#1-4 and #9-12 were placed in a cold chamber at -40°F and
allowed to stabilize for at least 24 hours at this
temperature. A discharge was then performed at the

«2C, rate. The minimum specified time to the 1.0 volt
end point is )50 minutes. Cells #-8 and #13-16 were
discharged at room temperature at the .2C rate. The
minimum specified time to the 1.0 volt end point is

300 minutes.

$
All cells met capacity requirements during this test.

Refer to Tables II, III, IV and V for individual cell

performance.
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IV. DATA AND DISCUSSION (continued)

B. Summary (continued)

8. Qualification Tests (continued)

5)

6)

Temperature Shock as per Paragraph 4.5.1 (In accordance
MIL-STD- M ) D

Cells #1,2, 5,6, 9,10, 13, and 14 were used for the tempera-
ture shock requirements. The cells were in a discharged
condition during the test. The temperature cycle was
repeated five (5) times and is as followss

30 minute stand at -44°C; 10-15 minute stand at room temp.

30 minute stand at +85°C; 10-15 minute stand at room temp.

Comment ¢

All cells met the specification requirements during and after

the completion of the test.

Vibration (low and high frequency) as per Paragraph 4.5.5
and 4,5,6

Cells #1-16 were charged as per Paragraph 4.4.1. Cells
1,2, 5,6, 9,10, 13,14 were used for the vibration test.
The remaining cells were used as controls and discharged at

the .2C, rate at room temperature.

The following vibration cycle was performed in each of three
planes, one plane being perpendicular to the cell cover, and
the other two planes being parallel to the cell cover and
perpendicular to each other. Also, one of these latter

planes was perpendicular to the plates,
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B. Summary (continued)

IV. DATA AND DISCUSSION (continued)

8. Qualification Tests (continued)

Vibration Cycle:

Freq. Range

Low Frequency
10-55-10 cps

High Frequency
In Accordance with
MIL-STD-

55 - 2000 cps

Excursion

06" double amplitude

Acceleration

10g

Scanning Rate

1 cycle/sec./minute

3 degrees/min,

Total Scanning
Time

90-100 minutes

35 * 5 minutes

Tests Performed*

0.C.V. monitored

.2C5 discharge

Comment ¢

There were no voltage interruptions or capacity failures on any

of the three types of cells. The .2C5 discharge rate was continued
at the completion of the vibration tests and the total discharge
time to the 1.0V end point is taken as the accumulated time during
and after vibration.

300 minutes. Refer to Tables II, III, IV and V for the individual

The minimum specified time to 1,0 volt is

cell performance of the vibrated and non-vibrated cells.

* In order to complete the tests in the time alloted

for the vibration, it was necessary, in some instances,

to perform the .2C5 discharge during the low frequency

vibration.

USAERDL approval was obtained for this

additional diéchargo.




IV. _3\TA AND DISCUSSION (continued)

B. Summary (continued)

8. Qualification Tests (continued)

Shock, Acceleration and Altitude as per Paragraph 4.5,2,
4,5,3, 4.5,4

—

Cells H1-16 were charged at the .2C, rate. The odd numbered
cells (1, 3, 5, 7, 9, 11, 13, 15) were used for the Shock,
Acceleration and Altitude tests., The even numbered cells
(2, 4, 6, 8, 10, 12, 14, 16) performed as controls and

were discharged at room temperature at the .2C5 rate to

the specified end point.

Shockt

Each cell was subjected to three mutually perpendicular
shocks of equal magnitude. For each shock the cell was
accelerated in such a manner that during the first 3
milliseconds the minimum average acceleration was 75 g's,
The open circuit voltage of each cell was monitored during

each shock plane.

Comment.

There were no voltage interruptions observed in any of the

cells during any part of the shock test.
Acceleration:

The ceils were subjected to an acceleration of 60 g's in
both directions along an axis perpendicular to the tcp and
hottom of the cell, and in one direction along each of the
other two mutually perpendicular axes. Each period of the
acceleration was for a duration of 5 minutes. The total

acceleration time was 20 minutes.
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IV. DATA AND DISCUSSION (continued)

B. Summary (continued)
8. Qualification Tests (continued)
7) (continued)

~

H
During the testing of the BB442 (100 A.H. "teflon" cells)

the acceleration fixture failed and four (4) of the cells
were damaged. Although the damage will prevent the final
acceptance of these particular cells, they continued along
in the remaining phases of the test program meeting
capacity requirements. (Refer to section discussing extent

of cell damage).

The .2C, rate discharge was performed on the BB440 (10 A.H.)
cells during each of the 5 minute acceleration periods. The
discharge was then continued in the altitude test. This
extra test was performed with USAERDL approval.

Elevation:

On completion of the acceleration tests the eight (8) cells
were placed in an altitude chamber in an upright position.
The barometric pressure was reduced to simulate an altitude
of 120,000 feet above sea level (3.5 mm Hg) and a discharge
at the .205 rate was performed. The altitude conditions were
maintained until the specified cutoff voltage was reached.

The minimum specified time to 1.0 volt is 300 minutes.



27,

IV. DATA AND DISCUSSION (continued)

B. Summary (continued)

8. Qualification Tests (continued)

7)

8)

9)

(continued)

Comment s
All the cells met the capacity requirements during the

altitude test. Refer to Tables II, III, IV, and V for

the individual cell performance.

Eull Capacity Dischaxge as per Paragraph 4.4.2,1
On the completion of all the environmental and temperature
tests, the sixteen (16) cells were charged at the .2C, rate
and dischargedat the .2C5 rate at room temperature. The
minimum specified time to the 1.0 volt end point is 300
minutes.

3
All cells met capacity requirements during this final test.

Refer to Tables II, III, IV and V for individual cell

performance,

Inspection as per Paragraph 4.3
Each of the sixteen (16) qualification cells was inspacted

for indications of electrolyte leakage around the seals,
vents and heliarc welds, and the weight of sach cell was
compared with the weight taken prior to the start of the
qualification test., Average performance during the quali-
fication tests is summarized in the discharge curves, figures

7, 8 and 9.
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IV. DATA AND DISCUSSION (continued)

B. Summary (continued)
8. Qualification Tests (continued)
9) (continued)

Comment
Except for the four (4) BB442 "teflon" cells damaged

during acceleration by failure of the fixture, there
were no indications of external damage or electrolyte
leakage around the terminal seals or heliarc welds,

nor any loss in weight on any of the sixteen (16) cells

of each type tested.

Two of the four cells damaged by the acceleration fixture
fallure appear to be perfectly functional. Due to the
extent of the denting and gouging of the cell case

material (Figure 10), there is possibility of core damage.
The other two damaged cells are no longer sealed, since the
terminals were driven into the cover, destroying the teflon
seal (Figure 11). All four cells have been replaced with
new cells containing ceramic seals, using the original

serial numbers (11, 27, 35, 39).

Test Locations and Witnesses:

B U .
All electrical and tenperature tests were performed at

Sonotone. All environmental tests were performed at
York Research, Stamford, Conn., witnessed by Mrs. Sylvia Duze
of USAERDL.



IV. DATA AND DISCUSSION (continued)

B. Summary (continued)
8. Qualification Tests (continued)
9) (continued)

U
All electrical, temperature and vibration tests were

performed at Sonotone. (Vibration witnessed by
Mrs. Sylvia Duze). All remaining environmental tests
performed at York Research, Stamford, Conn. (Witnessed by

Mrs. Sylvia Duze).

All electrical and temperature tests performed at Sonotone.
All environmental tests performed at General Precision Labs.,
Pleasantville, N. Y. There was no USAERDL witness present.
We are attaching an affidavit from General Precision Labs

covering the environmental testing. (See Exhibit I).



V.

OVERALL CONCLUSIONS

l.

2.

4.

Large sealed nickel-cadmium cells can be manufactured
incorporating all of the advantages of the more

conventional sizes.

Based on the minus 40°F data, these large cells have
superior low temperature discharge characteristics to

the usual size cells.

Since no abnormal behavior was exhibited by the 100 A.H.
capacity cell, this does not appear to be the maximum

in size and capacity for this design.

The requirements of SCL-7504A are realistic,



RECOMMENDATIONS

1'

2.

4,

The cells delivered under this contract should be
checked for conformance to the design objectives of

SCL-7504A regarding life cycling and storage.

The excellent low temperature performance of these

cells should be further explored.

When these cells are connected in series, the metal
cell cases should be electrically insulated from each
other, and the hardware shown in Figure 12 should be
used. When fastening the intercell connectors, torque
should not exceed 50 inch pounds on the teflon sealed
terminals, and 30 inch pounds on the ceramic sealed

terminals.

Work should be done on improving the overcharge and heat
dissipation characteristics of these cells, the aim being
ultimate use of this type of cell in vehicles or other
applications where the charging is done by constant

potential devices.

Adapt recent developments in Sonotone satellite cells
for use in these large cells, e.g.

New separators

New Plaque loading techniques

New ceramic sealing techniques.
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VII. PERSONNEL

Listed below are the personnel who worked on the centract
for a total of over 200 hours, together with the total
number of hours spent by the Design Engineering Group

and by the Battery Improvement Laboratory.

Design Engineering
Name Iitle Hours
J. Herrmann Environmental Test 200
Engineer

H, Bilsky Supervisory Engineer 520
I, Michalko Des. Engineer 2100
I. Goldstein Des. Engineer 850
G, Lanni Machinist 830
M, Legman Machinist 230
Others

Design Engineering Total %300
Battezy Improvement Laboratery
F. Alliegro Supervisory Engineer 860
W. Ryan Administration 20%
R- McCormick Assoc. Engineer 2100
J. Perez Engineer 310
D. Volpe Technician 300
J. Spiteri Technician 260
Others

Battery Improvement Lab. Total 5200
Combined Total 10,500

The above does not include production personnel.
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CROSS SECTION DIMENSIONS OF CYLINDLKAL CELLS
AND LOCATION OF NYLON SPACERS

/09 x.31

A

/.90 X .43

/98 X .88

% v 9/x.26 7

242X L0

/.09 X.3]
1773 X.D.; 00 WALL \
BB ) JU CELL ($0A.H)
8 2850 Lh ; 025 ML
9 P77/ Nvionw smacers
s
Z /.54 X 50 o NYLon SPACER
< FART NUMBER
Z 2.70 % 6% D| rer26e -2
DERIOIRZZ3T
@ Y-24266~1
3.50 x /.45
@ @] 2 24592~
®| 2295911
@ B 29s%-2
2.70 X |.45 7 @D| #29592-2
,'54 X 150
<77 Z 2 24595~
L @| 2 2#594-
BB492( ) CELL (100 AH) ®| = 24594-2
3.950 IO | .02 WALL @| 2 24595-2

Fl&. 1



"rn

Ed

k ’ . APPLICATION ' . REVISIONS

- NEXT ASSY USED ON SYMS0L DESCAP TION i DATE APPRO VAL
— N »J“:ﬂ?

!

FiGg. 2
o
i
1
N
-

1151

1t
£
)

SE AL WEXOY

1- TEPMINAL

2- NUT

3. FIAT VACHFR « STATINIESS ITRFL
L= TYVFICN JYAL

£~ FETRINER - CTAINLFS] “TRPL
fe COVIR =~ “TAINLECS STFEL

12

7= THTI F?Y.(‘lj TIHINAL VASHIR - TFPLON

\

UNLESS OTHERWISE SPLCIFIED N ' ,

:n;::'.:i:és:‘;:‘amom mﬁ:‘uwus | DATE o —" EFTHCQM o} SONOTONE

oL
[ rragmons !ucamu mors. (W T [ ' ‘ CORP. ‘

£1/68 | 1010 | 20080 b —— : i A . V §

| TR S T - SE Al ELMSFORD. 5 3

’ K Ve - : - N .4':’
e e L0 1O ALK, LA
[Ppe vieT T*.' ———fareal : N j scae o e F'\'Q‘ a 'm
W VHE = R ' [ 00 woT SCALE DRAWING A L ~7 .



~ ; - 35

ﬁ ' APPLICATION REVISIONS . A
NEXT ASSY © USED ON b | symeoL DESCAIP TION DATR APPROVAL

F\G. 3

N

W, sim e e W G U WA GER G W e

1- TPRMINAL ' '
2- NOT
“e FIAT WAFHER = CT4INLESS STEEL

L- TEFLON EAL

5« RETAINER ~ STAINLESS CTEU'L

6- COVEP - STAINLESS CTTLL

T INTTRICR TF-MIMNAL “ASHER - TEFLON

-

UBLESS OTHERWISE $PECIFILO SIGNATURES | DATE TITLE

o arreratnG o - v ™ ' SONOTONE
::‘c:l:nc:s[:c;u’:s N::.: [OMAPYRm ~ ' ! B T E-F \'_ O N CORP.
g/ea | ¢ 20990t e - ’ .

puckeesEe LS 0 . [ SEALL .ELMSFORD,

. $peC, )

L B0 AWGH. N. Y.

AT TS —1emwr

N : DWG REV.
¢, seee. ——{wheve : SCALE SIZE F \ Q. 3

e sree— tandl L I ! 00 MOT SCALE DRAWING Al
‘ . : SHELT oF




1‘ APPLICATION REVISIONS

v_ NEXT ASOY USED ON SYMBOL DESCRIPTION DATE APPRO VAL
»

L &

— /
Z(yr\ G
7
e
& SeAaAl. WELDS
1 TERIINAL
2= U
3w BRLLIEVILILE StFTNG WASIHEPR
4= TYEAMTC CFRL
e CIPAMICFAL FTAINEF-C'T7R
6- COVLR = TTATNLEST STEIL
7. kLW BEAFIMN VASHFR
A~ CERMTC SPACER g
O~ CLEAMI-CIAL RFTAINEX - INNEP
10~ BRAZE YATEPIEL
[ 4
UNLESS OTHERWI ST 8PECIF1 €0 SON ATURESE oATE m——
Eﬁ?g.%"m hawe— -1 | C ER AM \C SONOTONE
FRACTIONS !ncmuslmu:s Al oL A B b~ ' * CORP
21 01 N g T 1 F .-
ovomeee e —— 14 L SEALL L | ELMSFORD,
- U, - - e -
_ o \ , ¢ 3 Y
C T TR | (1.D. & O.D.
- s ’ Dwe , ARY.
"Wee. svic. ~- {APrRevEs i 1 scae : size | . ‘ 14‘
s e I § YT Ak F1Q.




. 474
APPLICATION - | REVISIONS o
NEXT ASSY USED On SYMESL DRICAP TION OATE APPROVAL
X 8
I 4 ""
. i ( /A
'
| ~(9)

—t -
* = —f-—
s 1 1 ]
]
SN S
- . c-
1- :’Y‘ RN.’A-—\A
2« N7
Jm  TLLIFVTLD TPRUW VASHFR
G TEMENTTOL L - T OVELF LAFEE
Sm RTINS . WWTer e TRLAMTL tAL
fw  TUIR L ITATIURIC STEEL
Te L. LE VATTTCAL
Ae CLENT0 T nCER
Gm 210N T - CEVAKM L-CHAL
Fd
UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES SIGNATURES ! DATE TITLE )
AND AFTER PLATING [DEsienen ~ " - ; — - SONOTONE
TOL ERANCE'S ON ( LRAM \( :
FRACTIONS 'DECIMALS AN/ LES |DWAPYBMEN — - b o C
*1. 64 | +010 $0°30 CHECkER T T T ORP
<*PPLICABLE SPEC. 3 SE /\
MY LTIN APPRGYED T |
e — ELMSFORD,
APPROVED [~ D B E —‘- F
—'T.—"‘;E R v 7T, ey B OU L A N' Y'
oaoe. wic, 0 T - - {WRevi T T seaLt ows F- 5 nev,
Koo i . __ %G |
WAL $PEC 00 NOT SCALE ORAWING A ' - + .

A

>



a8 SONOTONE CORP. ELMSFORD, N. Y. ‘
pEscrIPTION VALV E ASSY - L ENT
scaLe. F X BILL OF MATERIAL , v ,
1TEM DESCRIPTION & MATERIAL DWa. NO. MAT. SPEC. | mroc. spre. | Mmn. segc. | euAL ersc. |nze
| LALVE RBobY 22356 ‘ /
.on‘?/ﬁav %
== P77 SN e/ IR N I RN B
. Y6243 i
NO"e/IAG /
I A P T R | e .
q BELLEVILEE Y/éIZs ] P
. '58’.6”\_/&-__ e /T 2-0_.%,_ . .ﬁ,.._ - S S
S| V#7L tE SCEE L7 222355 - /
| STLICONE GREASE - | " YS2007 ) 177 as
| U\ MM AU LM N ot
TN CENTEANT iy
SEL NOTE 3
)-COGT 17 3 LrThy
I /76 .USE GREASE
L SPREIAGL VY,

\ ~ cLA RELEASE
2 -CRR/IBAATE TO | PRESSUR
| e nsE PEESSURE s 00 £10 |
?F 2.00 2 /0 [P G, ]qu:“\o

B - TEA CN B T o
P CEMENT 1777 AR | R34
AS SHOL/N . -
: N . R-12a8 [W-24 %0
1 - '.”TE:';‘:A‘&'.‘:.,'J’,.}"JS Bevr Ho. DO NOT SCALE DRAWING w-24250
wh ‘Us 24 260
4
ENRS-RAFIEN PLiu7g
R ’ 4 % X-22340
fl\l 5. g |5 < z 8 ASSEMBLIES
NI¥ | g4 ¢ 4 usep oN” |
~. . /G, o -
‘E.._u.h‘;...._ N — F ,G"Z;:J',J(‘."J



. T -

g et i m | u
R | £ 0
SRS lﬂuc:.. N Joy 1.'J.t1||.-iwiuli.271£.f.,1.1 - ) o J. . w.w

|

Q
0
o
N[

Q
N

oz avy| #
o w5 |k (33|

L
- e )
P— {

¥ < ANLGHNNd \ L

“BL1ISPHOVYSSYIK O CMH_* i CANYAWCT ¥oO0a X3a0d 2 SNOISIAIA OOT A8 0%l SAYM HLIOH HDNI H3d SNOISIACQ 02 8.E ON

FIG. 7



7?40

0 I P ey WA I I s

of |sz| ox w| & & o |

FIG. 8

T ]?Ho‘.: St Q» \WL‘... R MR~ Jei S

o
» -

[ SO O S D [LSEEUSUS SR

; I o

i N P e

. . BEDOUS R :

...... .- ol R

: : T3 T

f I . P N

i R - un T

. L .
........ Inloo. BN JE SR L

I . V9"
N ,A “tlxw.tuomwrt«.wuuf, .‘Hh‘., : \I”L

* e
Aﬁw
voron N STiNes A

"SAILISAHDYSSYW AOOMBIN SNl ANYEAMOD WOOR XICOD st "ENOISIAIAQ OUT AH OSI SAYM HIOR MONI ¥3d fNOISIAIQ OZ @:& ON



TR

FIG. 9

LR RIR L PEIT T

‘SLLIISOHDIYSSYH QCOMHCH

DNI 'ANYAWOD NOOS X330D

BNOIS.AIQ COZ AQ 0G4 H1O0® HONI Hid SNOISIA'Q OF






b}



S

'SUSIL FOULTY 3 *FIDY  NIIMITE O LY ONVUS ‘TH 88 £ 00MS SNIINa HISI ON %

- | - Al | | - Lol BT BT I B e - - - ~MoUDIgSVI b
TT95 [TS¥e |L#ST| ISE |EBSE |L'GSE S ISE | EFSE|B'EIE | 6SE | I'LSE [COBE| B 19 |EFPE |9SHE | THEE] Aqo !
sb2s | Gue| grer | ZFE|SHEE | Lore | emvE | 1are | stse| 1ree | Lore | v rE] edEE |9 208 | c2zE| brze roy |20 $2° was/o 8

£99¢ #SE g0 €59 Suc 59¢ b €5 1sel 490 m .wmnat.hw.\ 7 w
20ov Groows
95 LEE 9596 6ESE ssze 1°E88] : b . *
. LBET £ Apy NN%Q;WN. wossa N
8:'89g 1°8pF 109 ELSE 1IE ('3 °89¢] S'€PE A9'G
£z 9UsE SITE VLXE mm.q t£33 S 0/€ 10sE TLoE 201 | UVT HZ* #osig
FER|SRE EX WL Lo7e | ZHF SEE|CTE] M| rupavaern)
Po0r (o rze 9 2E|9TE L'Los | 9'dot V0L | VEOEY Aoy | 30v7 Dy wosig |.
795 [955F VESE[C99E ChoE|TSLE ZsE| boE oo 7
[ crze| s2¢ @'oge| 92€ LEPE |5 ggg bzel| Lze Aoy \uve 20 worsig
— | - — | - | — | AN Yoows ywat ]S
2ie| bllg] 928 |2® 02| 2¢esZ |9582| 1'1IEY A0 10 0F-)

pb92| lot2| pire| 19z ¢62| 9992|1052\ 5502} agy | avve S wosu 4
(SE |9°85¢| €5t X'¥ss 9495 | VIRE|(T0IE | bhSE A9:0

['WE | EPPE| L 166 |8°ThE VIBE| EPELEIIE| LIE Aos | 20 D wossg
Th | EG/ 20T | 16l bl bbt| 02| 9/ 90
ALV 2U ) Ast] ot | S| TU | 8sr AQY ( 08)

\ ¢ D ' J . P D » e, Y P
MR REARI GBI EX? Nwwe.mm:inus £

VWE 1h'00p | SHE| B8E | 1°08E | LEE [ 2000 | T°NE ] na'p
LBE | €08€ | 199 | bee |9VOE |LIBE| 168 | I'6BEY 4py | vy 592° HISIT

n,,.%v P804 | LT VN0 (2585 | blob |$eob [Lib [a-aib | £01P | bgob | £'008 | St0tk | 901 | #2P | E904) 49 (r3dwvz) |y

E0F | oIbs| 9Eb | 4 ohE |6 XE |158E | T10P |b'GOL | bEF (2800 | Lobbe | Lotbe | S:ste| Lot | broob| 2009 | AC! |y So2® HOSIT

- -y - - — - -1 -1 oy oy - -y -3 >l 1 - . .\\,\ NOILDOTASM o\.

, MOUSYD ST LSTL
or \sr \ o {er | 27 | 17 ] o1 b g1 4 9 s | &) )2 / 279wy 1s3L "Ivn®d

#9000 | 9000 0] #/e00] ¢ Too0]220| 25000] Z5V00| 9M000] S1000] LE000| STO00| SFVOD| £2000| £P000| 85000 AIMWIV IV XIS

(779> vorzamrs> Hv or)
7$0SL 175 I SY 1730 N/C )Osr98 LSIL MNOILVIISITIVAD




245

_ZHABis

-y - -1 - - - L - - - ﬁ.\. w -1 - - - —— IVOLLITS SN/ ‘b
bIBE| LIE |2 IRE | IPRZE |7°0P€ [10es [TEPE [ 2E€ |PICE | 15 |2¢EE| 228 [ICEE|916F | €5€ | (E€ ||49°0
SEZE | 908 | 02F| S/E{S:STE] 9IE | iEs | LSIE || s05 |8 518 S0€ (961 | 2ors | gEs| el ro |z S wossg g
¥ GZE /'60E x4 e IPEE b2E g9ee gzl 290 | Boaaay)
S2E S$Hog 18z gog 99/ 8'gof IZE PEIEY Aoy \uvapre woisio
B iwErbld .
o — — — —t — - -~ oA 2 V.uuo\\h, Li
> bEE ¥olt [ 3 1133 626 ErAda 0BT 9 SAE A90
90LE 0zE Lege S'ZEE €178 i9rg 313 LR 173 Ao \3uvy Sre wislg
1EE| <PE LOE | G/F pg [SOFE CEENTEZEN A0 inorsvasm)
S'#e| gs€ bl brE LEE |G EEE 1433 T.&m 20 | 3vY Sre waye |
3CE| BIE ARG 2098 | S Ser | oo 90| ?
295€ | bsse s¢s| of€ SeE LSE 586 | S'5bs A0 | v %57 wosug
— | i -1V o | P oows eIl |
2942 |1 PET |\ $LEZ) 582 geez| /82 |1z leszli 490 (7008 )
- 9132 ¢ 's92|5452| b5 besz | L6852 Lrse | Loz xo.\L 2w Pzt WIS |,
£oe| weE | €68 a¢F CIE | 12E | TUUE] 61 LN
Zst| esc| 9se| 954 0% | 5| Tase|sese 40 | v S W51
€02 1T) 90| boZ| ST | 8tz T || A20
78| 7ol | S8/ Tt | 56| bbt) oOF vi‘ A0 | (ssazamy OS7) <
S8t} oF/ gl | oTr | OUr | 40F7 0T/ TTY .%WMM; w.hv‘mxlwhv W ISIC
@G| SIE|bELe| 22| L4 IE| COF|SCSE |2 59E 720
I'evE|sase | TS¥e| g:sse | o isE | 'gve |5 98¢ | LasE ag1 | 2uva D2 Wi
S®E| 8ee | ose | g7 | b7c| bef|L-oie| Lgee soee | b 3r | swee| e |auer €€ |$eoe [steE | 49°0 | (SFsavvor) |,
e I seie |sze gare| 8 )| vive| Ssie] ae (owe | g2 ore|gsre|ase | g £z (L Ao | 3o Do wosut
o |l ==~ === =1 ] || v~ NOoU2TASM |'T
S =——pe—————¢ — -
NOLLAIOSIT LSTL
VstV lerlz T wlor] bl el £ ol sl &l gl ]/ VI8 1L vob
sel el er|rz|ar|e |56 g2]os| 11| lp | b | es|0sl|  asmwow w355

(R 30 worFermIAD ‘HY OF)
VOSL 79¢ YT SV T7F0 M/ ) IbE 88 LS NOILv IV D




(L)
4. et | -y -t -t | et — — =t | o | - - w \I-.. - ‘WNOILDFSSNY
Lic) oiE [1gos] 128 g/t sis| bee| 28| 928 dzc| Lis|Tee | 1se]| s | 28 490
PIOE|EWE| 905 | b5 |1’ WEv'aoe | 25| SPE | 128 | 228) 10E |S'g) gog| Loe | I/e | SE| 2ot | vy oz e ‘wosua
SHE 0bE e/e 3 (573 33 ey CiE|A%o (3orurev)
Cres €€ 9°0/5 8'0¢ 990 SiE lorg WOENACY| vy H27° _wosud
L = = = -~ el = - T Wowl 2250 # rooms | ¢
73 ¥iic 80¢ cuse e £'80¢ [ 33 A9:0
2 o/g s €.50F c/E 8 9% 9soE|  [EbEE 9'99€ rory vy oze HISia
L g j9sie »IE| LI1€ sz£ |osie {ore A9°0 (WorLvagiA)
2'0/€ | TolE L'ROF | Egog SNE |SIIE ENE INWEN A0 suvy Sz Noser
Lze | 9z¢ siel e cee | LEF bbe | ol A90
I 1Z€ ) 1Zf o/g| 90g OEE | 98¢ 16| 2ie A0/ | vy DT ‘HISHT
vl | | - | — | - H..ww roos oL
? 5(9z| 8% 492 [SHE El0F | SUZ[ €CT |SHEThgio (=)
K se2| so8z| vz Loz seoe| sz |z Erstllior| swe e wrens
GIE| LIE|bSIEY 98 Lige |Lige | €7 PEzE 4%
Seog| Bog|rraoe| gos. s'zs |52z | g€ |pLiE 07| xSz misiz
9oz | 12 | boz| 1z bz ] el vzzlvzzlhoo
£ | U] bellbor) €8/ ut] culsipor (B7etiny OO )
ot | gett| _ort| -t | ssvt | ser| wr | W Rl suvy Soe woswr
SE | L4sE | €5 asct lessE |yose zoe [ 5958 ‘ "9°0
STE | Z€5|562€ | 1'b2 | T 4928 | 9¢€€ |o-g7E AOY | Juvy D2 ~isrg
‘bbE | BESE] 9ISE|€'9SE |€°95E | 958 L'SSE | TESE |9'SSE| 1°99€ [2'0.5€ [1'SSE] €69E] 119€ Ig-09g [basEl[r90 @ by 0Z)
pceel 9°dee] puce |2Lee| p2ve Tsmm e |5 SEE| ALEq fesy|piec | 6ees| soe|ime |boe (el or | suve Sz wasra
»* * * » IVOLLIIXOSFT LSITL
9/ S7 | b/ g/} z/ 1728 IR b g1lc 2 | & 4 el z / T W LS WO
I+ bE|ce|seEleg | I1g | celseclez | rz) 6 | & Vst | st | W XITWON IVIITS

LSIL NOILY YT 7390 IN/ING TISVWNAT §71730 K [ ILZW

(SIS NVOMIL MLIM T7TD WIHIMVITAD WY 00/ ]
VA0S TS FRISY TITO Nf( ) THEG LSIL NOLYI S TIVNS




e

3 X 38vdi

A L A A o o . I I e Al A | [ [ IVOIL2IISM | b
$95 |€59¢ [LsE [Lbe bsts | 492 Triee [9'69¢€ | OCE [10gf [rase |1'89E| TIE| 4S'E |L'OIE |S'ELE [49°0 2
/9E PDRIC| 45€ Mbte (B IE| PIE| 69E (8 FsE|8's9E| BLE | BE |LSIE| O%E| £SE |WeoE Icbbe || 07 | vy oze  wosKa

TT9E T#5E 7 9GEE TDE gRE 1223 VSIE| A90 (Forsisw)

('SSE 2°0S% PESE BYEE 8¢SE I'0g€ SHE IPE)| 27| 300y DZ* wosr@ |
| — — — — — — - — 7= 9950¥ 3 ooKs |L
Ws m.sﬁm $9¢ 753 T¢SE OEE 86¢ ¥SE And
SIS RX733 09§ £6€ » $SE asd TrE b 7SE o/ uv¥ z°  HIs@

A.ﬁ\m-. ,N-hﬁm *;m ﬁ~§ ‘.NNM: L LY <3 M.\MM g2 SO.Q ﬁ)\g\k‘NQ\i\
L'SIE | £(0E 22| £1EE VELE| L1128 VHE (TNEY 07| 31y Sp0 WO 9
A3 K333 9p¢ |§'I1EE SHe | Lse HE |18ISE A%
Syze| 1eg bee | 7ze 0pE| €SE S9ec| €€€ Aoy | A DX WK
R - | - — - | ||7ZY Yooms L | €
cobr |1z | L' br| 1662 LIz SYZ| T |b/gEy| 490 (4 04-)
(T SEEZ  L2EZ| 'K Z bobZ} 20T L5kl 154692 “or| mva e cwosig b
o928 |I'ZE] k| Cos ° S¢LEE |IpE B RE| T L2E 490
LIS | (b28) (/€] boE s | € (9SCE| 97 Aoy Fuvay DZ° NoOS/G
20Z| gyr|8Zz| oalr| viz| cTZ s el biz|[re0
59| (|69 “ ' . . . )
n ary | st | st | Wt [ ort] ot | sset|ssr [0 L sap wosir | E
€s5E| 9se| oSt | poe| 295 | Lse| €l 2 A0
157 |s35e| Zsx] 15| LsE| 9| SME] 498 40 /| Juvy Soze "HSd
489 | oSE e e LIS |SEsE| b#E| #SE| SSE| LZE| 45€ | 146E| €SF| £ |9 WE| 15E| BbE(| £r90 (szaanw 02 ) >
EOS |EWE | BEE| bbs | GHE| 9 ShC| 1 OSE | B4bE | EYZE | BISE| I'VE| 2715 | 09| asE| L#e| 2EY 207 | muver $oz° Hosna
— === 1] =] 2] 2] =] || s NMOLLIISSNY | T
S s —= e |
NOUIITOSIT LSUL
as st | #7 |\ er|2t v Joor] &) 8] ¢ | 2 s|l¥Fg | )2 | ! FImvrw sz vnd
Q9 |és |5 |ts |2 |ss| es|es o] s |os | e+ | FF | LF | 9% | SF 23w IVIIIS

(oVas D8NV Hieim 770 WOIFOMMD HY 00/ )
‘VPOSYL IV YRS SV 1IFO Nfr )T 88 LSIL NOILYIIIIIVYND



(¥ )

o GPl »Division .
GENERAL PRECISION, Inc.
PLEASANTIVILLE, NEW YORK

ENVIRONMENTAL TEST REPORT
NO. e

ITEM DESCRIPTION

130 Amnere -our Cells

Teflon Seels

.uaotone, ciwnsicrd,

el

MANUFACTURED BY

MFRS PART NO GPL PART NO.

QUANTITY Sixtpern (1€) CHARGE NO. _lvl-Li >y

TEST REQUESTEE

Js nerman, sonotoue

_TEST REPORT BY

SR — l’)
I SUBSA: i
“y . W RN 4

(,/ ‘/,y /:_«f

TEST CONDUCTED BY ﬁ/ ,J- f

Z/Jm

deo uglubel

Gy udel

LS Gr‘uh‘l .

'4“'DATE ﬁ‘{;é iy

ﬂ.‘n- .

Dymnic ‘rest Sobtihd"

A fi 4’; PP e M l-'? :, “"f'

46



& e : - :
3

48 'a.

1

. " - . . il :
UPL DYNAMIG TEST StCTION - EIESY xeroRT NOL pel120
v S ‘éy,'}"age' 2 o 8 )

TABLE  0F CONTENTS
section Jitle rage
[ ]
1 rliGuor 2

41 i 51 FCT - ICATI LR AND 2
. LH4STREGCT GRS

1N ' ym.0 < LPMENT Iy
IV o OB béas
v . TESY dou! LTl 5

E™S
AYRILAZ.E COPY




§ -y

Lid Lol

PRIV 'l

33
e
Jev
3.
Jeof
ot
Je?
Sedv
Jead
Jeidl
Jedl
Jedly

‘e kY

oz u;tration rxciter, MooeL e
A LOOLPOL LLOLLLE, (.0.€L 1=

SIKIeVC L ACQRueruBktery rules (ca
LdeTCu MCCElero éur, onel i

Lart V1t rarion cxcater, v el o

4 14

Yibration Meter, rode. :3 ’
vltrat.on riekup, vertrces - yre Lob

roosatration ?ickp, Vi ro.ate, .. e ..

i v;urah;ép FACAUP, HOI'LZ200iAL < yp€ iy
baliantine iu'\';., ndes uol

newiett = Fzckard Audly UsCl..ator, node. <Ja0
Jumont Gabt: Ode: ey, USCLL.OErayully sy, € JSuun
DALY 4oV VI Aa01u$ anact wiLeK nEchaae
rruin-aite b Pass rilter

wndeveo mlexfom‘ur, vod@s cedy

o T LA URT g De1gY

e .
i??%ff T .
»,;, .;hf§‘: ‘ ] . ]
LA
. _A»"MT' " g
arb 01Acdle 1ot Gel i lin
beLL ‘ tage 3 of §
.’41"«"‘ . . .
53
PURPOLE
ldl  Jo deturmige the aul.ity ol tie LuJ wroere our :altery
ceirls to withstans .ie vitration, 8 2¢x, sccelera .ou,
aud aity > LeILS Leserabed veLow WilLoUl Z€CL3..c8L OF
ciectrigal tasiuce, ,
. . i
it 1ol wrelLedilacdalNo mdd Lol bl flivito
2ot wpPECLILCALAOA i (DJUGAy -dlepia DB geedec LATL Uevole ‘
Zec LOVIrOIMGEATRL 1€3§ avyuesl Galeld ¢~2>=03

. we T

N egEs v s

ey, e

R ST

o A48b
b

3
gt )

%
vl‘ ‘\
S

.

omaprg &

Pie

Y
<

Cer s e ¢ e ————



14;

g
LA L

P OYNAMLC JBST o2l iLuN

e

et aved

LR S

rage b of 5

iawol Blialreay (cuntiu)

Jelb Rotary Accelera or

Jel7 notary Accelera ur Lonsoie

Jedv 1e8t ruUXiWres = ou,paied UY VONUbune Lurp,
P TR e ST AV )

L.l Vibration .est

Ueded The Lest syeciriens we-e@ surected to sinusoinal vibration
in each 0. u.e 3 . utwally perpendicwler ax)s per specili-
CALL10.L VUl /) Ju=n, LHTBEFEPIS Lebed ANU Lavel o

"Yebeo 1OW rreguency Viiration - liibniiu cus w 1 cis/man
sweeL, s. ‘ui/aX.8
) Je xJ" Uba Acgpiastude
Geve? nign rrequengy Vibtration = _,i2... Cp@ i 3o wdd
. s X K i

UBeZ ONOCK s@3L

Lelel Ihe LeSL Specimens wele suigeCliv W & ..cCuBLCds Lmpactt
SHOCA LeuL 88 104AUNST ) &1 uCKS pel 5p€CiMelly, Ol 31.UCh
il each vl ) rutuasdy perpewiicusar ases, with tue SLOCK
ievei 0t 2 (>g rv crea .0 5 I 4 maliisecongs.

Le) ACCELE, HLaON .BSL

Leded ihe Lest 5.ecamens were SulLjeclia 10 8 acCeslr:i.on test
a3 joi.oWs: sacceleration level ou ¢'s tur a duration of
five (. ) minules 1in eacn 5! the .uf (4) darections
out.iged below;

. B
Le ftrpenaicuiar to the¢ specimens t/rminals

2 ,Wummm(mn‘)
3. taralilel to ine v rust axis
e rarmuliel 1C .0€ L rus: axis saverted 1wd°

daoi B Uith WJe MedEy

48c



— - g e e - g ~.{

‘A-.

crwmhwuw ST 10 SRR

. PEGT 826 URT 80, Dei2y

. t ) ‘ Pagg ¥ o1 S N
o}, ' <
¥ ] !
y ’ ;*
H;h Altitude iest i
u.‘..l ‘he test specimens in an upnght. pmum. were sui jected I

10 & g&amulated astitude of 10, VD 1eet w.fle 8 fave (o)
hour dascharge test was conducted by Soaotpne poreo aned.

B,

[

v feoT RBBULTS

-l
Pt g

e

¢

5«1 Vaiurataon .est : oo

belel ine test specinens were monitored aurang viLroilon tentiug
aud suowed AU €ieClLriCas Or wecha.ical dasage

Se¢ JNOCK J@SY

Jeded the tesl BPeClEns vei@ 10.slur€d aurliy LfeCnanical lupdct
SN0CK LeoLafyg &NU SLUWEL "i0 CAECLIALaL OF Mecne .1Cal uaiages

Se3 AcCcederation iest

Yesed ihe Lesl specaimens wure cuuitored durifid ACCelels:i.on LES. .y
- QA Bnowed L eieClricas uamage 1h the foliowing twou (¢; axas:

+) rerpenvicular to .,,ec1 enS tePla aas T

<) Nifpendiciler t4 specimus tasuinals (rotated 90°)

Yeoe2 Upon rarsing rotary scceleistor up to éesired soeed witn
. specimens .sralle: 10 tnrust axis (inv erted oY), a
A" tightenang bclt sheared ailowing tour Llu) te=t scecimens
10 be disviaced fror oriv.nal nosition res..tl g in
mect.a 1ncal and electrical vana e to tne four specirens,
/e8tL was stop e Lo alliw oono:ioie to redesigm tiest ..x..re,
3 ihe test suvecimens mounted ou redecigned test fixiure were
subjected to the re;minl., Wo (<) ages ot accelers..cn
testiug and suowed 10 ,urther eleciricas or recha.lcal iaca,e.
f

Sels  Altatude .est

[

Yelhel The test speclmensd were mo.dlorea Qur.m, Aillitude test.n, and
Showed 00 Jurther 8lec.rigal ol 1eCH8,LACAL GR..a46,

PES



- . - . . -
EN 15 . .
) % . 1 .
3 ; R
. .’;:;
. * .' ‘ﬁ -
. ' . <

TGENERAL PRY e

PLEASAMTVILE, NEW YaRK .

‘ "EMVIRONMENTAL - TEST
R L, oo

o T
- e s &) N
CLW e , NO D=18 . ; . K 7 .
- S R e
- " N N -

R »~ .
- S ’ - :
J" X ~
.. i e . S~ i AR et e et 7 70 Wit 4 11 it 7 < = s St v+ =4+ eompms Som s e e e e
« L w
. e N
: ‘
.
.
w. 'y - : ' : .
IR BN v . ‘ 100 Ampere Hour Cells : B
- N X v
.

ST 1 . S Ceramic Sesls ‘ 1

I
v ' Ll B " - i
LI . R 3 ¥
" g I ¢ "" .
BT .
'_\‘ Wﬁ» h 2
,'». - %
YA I .
o ad ~ . 2+

.

{l MANUFACTURED BY ___Scaotene, Blwsford, x.1. : ~ 1 .
o] wens pare Mo . GPL PART NO. E
C ] ouawTIY.A . Mesn G6) CHARGE NO, _10L-11960 N
""‘:TtéthSTEE_M~ 'f .~ |

K

- TEST EONBUCTED BY

TEST REPORT BY




Orl DINAALC TRST SECTILW

*
3
e Laug

1

i4

1il

iV

v
*

- W,

‘»f .

o+

TABLe ! Ur  CONLRiv.w

! Lt
AR -

ok

Pl
l’i‘l WECLPLUA L UNS e

YL IPY TR

4 v
ABD Aguldid e,
sl PRUCE DU

LD Aro L.3

;
!
I Aa3s 1
H
2

~N

R e AR 8h - e et -

L]
{
3«&!

h&s



'¢ , .
' §
i JEL DYAARIC Dos oheTion SEST NECURT Mo veadly
; , ‘ - A rage 3 ol %
4 PUL Unle
1.1 o determane the a:iiity ol tne 1u) m,oro Hdour Battery
Cells to withstand tue VIUrut10m,8ncck, accelerat.om,
and gltitude tests descrit.ed !elow uunout. mect.an.cal or
'hctm.eu fa1lure. L
19 Qimod SEBULELGA . AVNO Al 10001 \',L‘.Lbna'f . -
2.1 Speciiicat.un olie1bJuk, YaTagrepne ue>el Wru 4.u.c,
) Ze2 ERWiroamer 4. iesl .equesi uuw émche63,
I . icod o UJIPHSNT
3.1 mB Vibrataon txciter, moula Cedu
. t e
Jed MB COUATOL VuiBULLE, iubs LelO
Do) mnevqb ACCoABP L. L.y k€1 €44
Jell  SGEVEO ACCEAETUING .« Ty 10004 K24Y g
o5 WAB Mitrat.um rxc.ier, avheldw :
." - I ¥
Jeb s ¥Abrativon scter, cuied mJ ) : -
sl iy Vibrat.on rlcku , «.riicad = 'q'pf'. acly - ’
3ot Mb Vibration -icku,, vaibro-ate, .yoe . ‘ )
4 3oy skt Vibrat.ioa saiceup, iderisontal - iy.e Lol ‘
3.1») B‘blﬁuLlhO livii, wouel Gl :,j 7 i f :
. ¢ :
Jeid Hewletter:caara auaiv uac;.,ut,or, mu PR ey j ‘
+ j.w Dumont Catnode nay uscxumn, ppo Joa ¥ ?
A :
‘ ).4.3 barPy ibv VU isedium mw:t., :&.ho‘ckvgueuim 4 ‘
coos PR
j.& hroun-nne vedd rads cu,w o0 . ST
! e ) Sy
* ,3.;5 Wgn Acgelerimetur, mqiu g»
( i 1 R 3 ‘ )
“: : M 4 o 5 ,..' N
: - ] T 8]
) T ‘ 5 & j’&
e P . R *
- : . ¢ 1
: L L 7,
5 LN . kot &

,‘m

€.
-

D
;




[

5
5
]

Wik Jleiy Jawot S20TLUN

lib

v

Srtv 4 s v -

FYIRYS M&Qd‘a # . U=iely

Fage @ o1. 5

L.

L gﬂ%i’&. i \evdt'y,

Jedb folary Acceleraior
ek mﬁry ACCRLe aLOr Consoas

Jedl 100 r‘xiuurel - Juppeaea by OONALONE Lury.
Lol 2nlCeady

Gel ViiLrutaui vest

Lelel The 8L o 80MENUS nc1® LULILCLEG Lo BaDuduicak viurai.cn
AN LaCl wl Lt 3 halulad) PEFLEI0ACULAT aalB (s oPBCLiA=

L Galion OCL~(HUdAy L @Paglu; u meds, Wis Ledoue

Leoede MOW Freyuency Vairal.on =~ svisnias ¢ s # 4 £ps/oun
8We€yp, J IAN/RALE

ve sl Ubl Am.liltude

“Hyeseb, magh Frequency Vabration - Loicous C.o 8 10 35 man
“w g )

Bec DICK icHb
Uedel 1he tust SPBCLIENS Liwi® UL cCic. Lu 8 LECLA..LCAL ABpE L
SHOCK Le.U 88 1vi.0W3: ) 8..Ca5 Jer 3pcClitii, ONG ShOCk

an each of 3 nulualLy perpBUULCULAr &XeS, #1tn e snock
sevel 03 2 (ug roatuwd 20 3 2 L 0a..a80C. iiuBe

.

Us, acQslerataon iest
4

Lesed DB test' @pocineus woie SULJEC U Lu @ 4. c;;exhb*én test
ACCehb, aisun ieves OUK'S Lur a wurhbiybn “t

a8 L0Ls0WSS
o Lave () mubl. oo al caClh vl WH€ Juul \o/ uxracﬁm :
outi.ned bcluu: ‘ . .o
: L‘ rorpmuu.u-. w \.ne .pecn‘caa w’ro%d ‘10
P

3) ablei w u.e umt. ms
Y i'lryi.n W the WUt K8 Luvelied sut® ;”‘

* ve (e

-

t5

.
. N . 1

+ - o
‘ ot

PR

*

' voe

.
s

.

[P

Mg sy,
s



H
]
5

Wi D1 .mu.w L ,{sxmu

1

v, g e v g e e v
1 - B
. 3 e, B

B ke .
% . : - .
! “ooa

i . N r

B

s29, w Ve, u-m

i ‘ =
. ; Page s
W ' e ’ )
. - N o ! .
. * o
Y T
Y * ~ . ‘1;“

Lot Altitudé lest A

Geleld- ’l‘h. M specimens . n a. upright poaﬂtwn, were suta‘ctetf
to a simuistea ali,tuce of W,uﬂlut whiie a Iive (5) ¢
.hour dABcuarge teot nu8 Cuiuly ted by @o(.ot e Lersonneds

1234 % Lao
Sel BueCLrioai periormance vi Spegliens wae no.li.reo Uy Lhe

custoer and nov apparcit cleCificai or Visuli suCha..Cad
Qiidg® WaS L U Upuli Cul etion O Luotaligs

Ao Wnr O s A



.
{a

sot

DESCRIPTION___
SCALE .. _ __

ITEM DE:

nmsusnows l
| e |
CELL ITem| A ¢ B c I P.D, | WATERIAL FINISH r
. ‘M__.“*:—-.d::::?;zq::ﬁ.::::a:":- oo ommen b moe o = A = R L B e .'.._..:,,
| B8 440/u | 1 10-32| 3/8 | 125 | 1764 ' Steel Comm. N1.PL. :
- --‘,_..._4.*._.__4[_ ,,,,,,, e — -} =g - - C et e m— _.,__..?
| —
o 0 R N
l DELLEVILLYE SVPRWS —
N | i
+——® 5 A B =t=C
' / \
\\\ ~+Z__A__N- i T \\%
A S f ' P FORCE TO |
CELL ITEM A B c D MATERIAL | FLATTEN !
L.L‘ T . h L _“_"_""‘"_,4;17 ST 1 T T - 3 —* r_
88440/u 1 .375 .195 L0121 L0157 | Se, 1. | 57 :t15% : .
JU TS T T T e g ' " Aneg 1 _
seadzy | 2| ‘f_(’lb,‘# 204 ,025 .0276 ,,3.02 5.s. | 399 2157 ; l
SR . j ST R R S -
{
un
-] o (7))
2 35 |uw
g5 9
EEG KB
o B




FINISH
I pTe _—;?
|.PL. @
" ]FORCE TO !
RIAL | FLATTEN }
St. | 57 ¢15% %
$.S. | 300 x15%

B |

peESCRIPTION ___CONNECTING HARDWARE
SCALE

SONOTONE CORP. ELMSFORD, N. Y.

DRAWING & ISSUE NO.

Y-

P4

BiLL OF MATERIAL

ITEM

DESCRIPTION & MATERIAL DWaG. NO. MAT. SPEC. PROC. SPEC.

FIN. SPEC.

QUAL. SPEC.

FLAT WAZIER

4 oro
-,00C

f;ls"

L B ,}J

CELL

"BBA4I U
8B442/U

L

CAP DC-EW

. lf_”—"_. TTTTE T 1T
CELL ITEM

I RRA41 /1 an_an
! 1 iv=oc

X CI
:_BB442/Y | : ; 2129

L ]

N
o
(o=
(¥54

-l i
T3

-

_REMARKS

_Fie. /R

DO NOT SCALE DRAWIN

ASSEMBLIES
USED ON

IN REFERRING TO THIS
DRAWING STATE DRAWING
NUMBER AND ISSUE NUMBEF




—
DRAWING & ISSUE NO.

SONOTONE CORP. ELMSFORD, N. Y. Y P p
DESCRIPTION ____ CONNECTING HARDWARE

SCALE = ___ BILL OF MATERIAL
ITRM DESCRIPTION & MATERIAL DWG. NO. MAT. SPEC. PROC. SPEC. FIN. SPEC. QUAL. sPEC.

FLAT WAZHER

e ' SCHEW |
CELL ITEM SIZE [ A B Cc
Y VLY. A R N i
Bas2sy | V1 | #0 ! 750 ) .203 | .0e2
“ | ] J

"] FORCE TO } | i
RIAL | FLATTEN | . S
] P A e e B L A e E
St. | 57 #15% | CELL ITEM | SIZE ' L | T | H D | S | REMARKS
Soso 300 1 5/”0 . r 88441/".,—" "'.’—";:;—':'»‘#-'-'—T—T-‘-f :":-fi' R e Tl ST : N TR, i
I spasgqy | ' 10-32 500 57, '19047f‘_?_j;;‘s_(’,i_';'f}_;___ﬂ
| L SIS WS WS SR N SR S
o _| DO NOT SCALE DRAWII
Fré. /R
IN REFERRING TO THIS
ASSEMBLIES DRAWING STATE DRAWING
USED ON NUMBER AND ISSUE NUMBE




DRAWING & iSSUEK NO.
SONOTONE CORP. ELMSFORD, N. Y. Z- P 49A
DESCRIPTION CONNECTING HARDWARE
_ SCALE BILL OF MATERIAL
'\ ITEM DESCRIPTION & MATERIAL OWGa. NO. MAT. SPEC. PROC. BPRC. FIN. BPEC. QUAL. SPEC. | RE®.
CONNECTOR
L.0)0
- .
<
. - ) —
) : Jo 1 +ecl5
Yo [ — C
—— A
L _ r
EE"I'_-.“ N D —__J—
‘ |
L A, '-I S— ']"
. e S
CELL ITEM A 8 c D R T
BB440/U 1 1.093 1.468 .375 .218 " «375 } . 025
BB442/V 2 1.604 2.345 .750 .218 .500 .125
BB441/U 3 1,435 2.185 N . 750 .218 ] .500 J .125
STATE DAAWING No. AND IBBUE No: DO NOT SCALE DRAWING
- ]
‘( > S .;J ﬂ _E L@'/.z._,___
x (@ 10 10 10
e (0 |a a Z R
z ¥ |8 5 | <
URERR I b ASSEMBLIES
NS E[2 18| USED ON




ORA\Y

SONOTONE CORP. ELMSFORD, N. Y. Z_
DESCRIPTION__ ASSENBLY OF CONNECTING HARDWARE
SCALE_ BILL OF MATERIAL
[» 1TREM DESCRIPTION & MATERIAL DWa. NO. MAT. SPEC. PROC. SPEC. FIN.

1O A.H.

—_ TV e AN AJ.M_
[ - 7}“’
——e o HE X LNV
’ - ——

‘ ' — = VALLESNVLLEL D
RS~ . (ComvE R WP

v Ses Ol aNT C T«
]

S 4 Vo AL

Sesetll G - T AR T IRMEAW
] Vol AU LA D,
| 2
. N

[..--,m T b : = BELLCENvVILLE
) ((* CONANJ KL L

<

7

e CTONINIECTT

~

~.

—— TV Y AN AL

A NG . AND 1980K N, DO NOT SCALE DRAWING

-
DRAWN 8Y-
CHECKED BY-
ENG. APPROVAL
RES. APPROVAL
CHANGES




VIII.

APPENDIX

Rescription
Method of Assembly

Parts List 10 A.H. Cell
Plate Dimensions

Tab Dimensions
Separator (MS20412)
Collector Bar (223827)
Terminal (Y23832)
Insulator (Z24217)
Insulator (Z24218)
Spacer (Y24266)

Spacer (Y24267)

Spacer (Y24268)

Parts List %0 A,H. Cell
Collector Bar (Y238%6)
Terminal (Y23854)
Insulator (Z24219)
Spacer (224%93)

Spacer (224%92)

Spacer (Z-24591)

Edgure No,

(Table VI)
13
14
1%
16
17
18
19
20

21

23
24

26

52
54
55
56
57
58
59
60
61
62
63
64

65
66
67
68
69
70
Ep)

%0,



51.

VIITI.  APPENDIX

Description Eigure No, Page
Parts List 100 A.H, Cell - 72
Collector Bar (Y23859) 27 73
Insulator (2-24220) 28 74
Spacer (Z-24596) 29 %
Spacer (Z-24595) 30 76
Spacer (Z-24594) 3l 77
100 A.H, (ceramic) outline Drawing (Y25191) 32 78

Cell Weights (Table VII) 79



Method of Assembly

Raw plaques are manufactured by sintering nickel powder, using

as suppnrt a nickel wire screen. On each plaque, the individual
plates are then delineated by a coining operation, The coining
operation also compresses an area at the top of each plate to allow

the spot welding of a contact tab at a later stage in the manufactur-

ing procedure.

The plaques are then loaded with the active materials by impregnat-
ing with nitrate solution (nickel nitrate for positive and cadmium

nitrate for negative), and electrolyzing in sodium hydroxidolsolution.

The processed plaques are made into individual plates by cutting through

the coined areas. The coined area around the edge of the plate reduces

the possibility of loosening of sintered metal or screen wires,

A nickel contact tab is spot welded to each plate. The individual
core assemblies (e.g. line 4 of PL 1384) are made by stacking the
required number of plates, interleaving them with a continuous layer
of separator, which is 1/4 inch wider than the plate height. These

core assemblies are kept intact by a thin strip of polyethylene tape,

52.



Method of Assembly (continued)

The tabs are grouped and heli-arc welded in the slots of the
collector bars, and the collector bars heli-arc welded to the
terminals. In the teflon sealed cells, the terminals are sealed
into the covers after the cover is heli-arc welded to the can. In
the ceramic sealed cells the terminals are brazed into the covers,
then the terminal is welded to the collector bar after which the

cover is welded to the can,

In all types of cells, the metal retainers are heli-arc welded to
the cover. In the ceramic sealed cells, the brazing is accomplished
by firing the cover assembly in a reducing atmosphere furnace at
1800° - 1850°F., Prior to the firing, the silver braze metal, in the
form of rings, is positioned {one ring at the upper seal and one
ring at the lower seal). The silver flows between the double taper
ceramic seal and the cerami-seal metal parts (items 5 and 9 of

Figure 5) effecting the seal. The silver wire is 0.031" in diameter.

Prior to welding the cover to can, insulators are placed on the bottom

and around the periphery of the core and collector bar assembly, and
spacers inserted at the ends and edges of the individual cores. A
spacer 1s also inserted between the collector bars and the top edge
of the core assembly. Placement of spacers is detailed in Figure 1,

p. 33.
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